In this study, we explored associations between paraoxonase 1 (PON1) L55M and Q192R gene polymorphisms and the risk of breast cancer in 365 female breast cancer patients and 378 healthy controls from the Guangxi region of southern China. The LM heterozygous and MM homozygous genotypes, as well as M carrier status and M alleles, were associated with an increased risk of breast cancer. In addition, the M allele was associated with postmenopausal status and increased nodal involvement. In contrast, none of the Q192R genotypes or alleles were associated with a change in breast cancer risk, or with any of the clinicopathological parameters. These results indicate that PON1 L55M genetic polymorphisms may be associated with the risk of breast cancer and could potentially serve as useful genetic markers for tumor prognosis in some populations of Chinese women.
INTRODUCTION
Breast cancer (BC) is the second most common cancer worldwide, as well as the most common cancer and cause of death among women [1, 2] . In China, BC is also one of the most common diseases and the most common cause of death in women [3] . Aging, family history of cancer, and certain behaviors [4] , as well as dietary habits [5, 6] , are risk factors for BC. Endogenous metabolites and exogenous carcinogens cause genetic damage [7] , and mutations in oncogenes and tumor suppressor genes [8] may contribute to the etiology of BC. In addition, oxidative stress may play a critical role in cell proliferation and malignant conversion during the development of BC [9] .
Because paraoxonase 1 (PON1), which is located on chromosome 7q21.3, not only decreases oxidative stress but is also implicated in the development of many cancers, investigators have assumed that PON1 polymorphisms might be associated with an increased risk of BC. PON1 expression and genotype distributions vary widely among different human populations [10] . Molecular studies have revealed two common functional single-nucleotide polymorphisms (SNPs), L55M and Q192R, in the coding region of the PON1 gene [10, 11] . Low PON1 activity has been consistently linked to an increased risk of disease, including gastric cancer [12] , systemic lupus erythematosus [13] , and angiocardiopathy [14] . In addition, a number of studies indicate that PON1 L55M and/or Q192R polymorphism(s) are associated with an increased risk of epithelial ovarian cancer [15] , lung cancer [16] , prostate cancer [15, 17, 18] , and lymphoma [18] .
The relationship between PON1 L55M and/or Q192R polymorphism(s) and the risk of BC has also been investigated in recent years. One meta-analysis [18] reported an association between PON1-192R and a decreased risk of BC, while two other meta-analyses [17, www.impactjournals.com/oncotarget/ Oncotarget, 2017, Vol. 8, (No. 15), pp: 25362-25371
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19] did not find any relationship between PON1-192R and BC risk. A few possible explanations for these inconsistent results are as follows: (1) differences in PON1 expression and genotype distribution among the geographical and ethnic populations included in the studies may have impacted the results; (2) the sample sizes for both breast cancer cases and controls were small in some studies; and (3) patient characteristics differed among the studies. Additional investigations are therefore required to clarify the impact of these polymorphisms on the risk of BC. However, little data is currently available regarding the association between PON1/55 and 192 polymorphisms and BC risk in Chinese populations. For that reason, we conducted this study to accomplish the following goals: (1) examine the association between PON1 L55M and Q192R polymorphisms and the risk of BC in women in Guangxi province; (2) analyze associations between these polymorphisms and clinicopathological characteristics in BC patients to determine whether these variations are useful genetic markers of BC; (3) perform subgroup analysis based on menopausal status; (4) evaluate the association between the cooccurrence of both polymorphisms and the risk of BC; and (5) analyze linkage disequilibrium between the two SNPs.
RESULTS

Patient characteristics
Initially, 372 subjects were enrolled in the BC group and 381 were enrolled in the control group. Five patients who had previously been diagnosed with BC were excluded from the BC group. Two additional subjects were excluded from each group due to coronary heart disease (CHD), because the association between PON1/55 and 192 polymorphisms and the risk of CHD remains unclear. A final subject who was unable to give blood was excluded from the control group. Ultimately, PON1 polymorphisms were analyzed in the remaining 365 women with a clinical and histological diagnosis of BC (mean age 48 ± 9 years) and 378 age-matched healthy women (mean age 48 ± 8 years). Table 1 summarizes the clinicopathological features of the eligible subjects and potential risk factors for BC. Mean age, menopausal status, BMI classification, pregnancy status, and tobacco and alcohol consumption were similar in the two groups. A first-degree family history of BC was more common in the BC group (4.9%) than in the control group (0.8%) (p = 0.001).
L55M polymorphism and BC risk
The genotype frequencies of PON1 L55M conformed to Hardy-Weinberg equilibrium (HWE) in both the BC group (p = 0.095) and the control group (p = 0.139). The L55M polymorphism genotypes and allele frequencies differed between the BC patients and control subjects both in the overall analysis and in the subgroup analysis based on menopausal status. 
PON1 Q192R polymorphism and BC risk
The distribution of Q192R genotypes was consistent with HWE in the BC group (p = 0.156) and the control group (p = 0.064). No significant differences were detected between the BC and control groups in the genotype frequencies of the QQ, QR, RR, and R alleles. The QR (OR adj = 1.08, 95% CI 0.79-1.47, p = 0.645), RR (OR adj = 1.05, 95% CI 0.68-1.63, p = 0.815), R carrier (OR adj = 1.07, 95% CI 0.80-1.43, p = 0.648), and R allele (OR adj = 1.04, 95% CI 0.84-1.29, p = 0.709) frequencies were not associated with BC risk. No relationship was found between BC risk and Q192R genotype or allele frequencies in either the premenopausal group or the postmenopausal group. The genotype and allele frequencies of the Q192R polymorphism for the BC and control groups are listed in Table 3 . 
Relationships between L55M and Q192R polymorphism genotype frequencies and clinicopathological parameters in BC patients
Associations between L55M or Q192R polymorphisms, well-established prognostic parameters of BC, and the following clinicopathological characteristics were examined: age, menopausal status, BMI classification, lymph node status, American Joint Committee on Cancer (AJCC) stage, first-degree family history of breast cancer, pregnancy status, tobacco and alcohol consumption, case stage, and estrogen receptor (ER) and progesterone receptor (PgR) status. M carriers (LM+MM) in the BC group were more likely to be postmenopausal (p = 0.015) and have positive lymph node status (p < 0.001). M carrier genotypes were also associated with positive lymph node status in both the premenopausal and postmenopausal groups. In contrast, there were no significant associations between R allele genotype (QR+RR) carrier status and any of the clinicopathological parameters (Tables 4 and 5 ).
Linkage disequilibrium analysis and risk evaluation for both polymorphisms together
Results obtained from SHEsis software suggested that the two SNPs (L55M and Q192R) are not in strong linkage disequilibrium. The risk of BC was not affected when cooccurrence of both polymorphisms was examined using logistic regression analysis.
DISCUSSION
In this study, we found that the frequencies of the LM, MM, and M alleles were higher in BC patients than in controls, which is consistent with previous studies [20, 21] . Additionally, our use of the Bonferroni correction for multiple tests, which resulted in more stringent criteria for statistically significant p-values, might have limited our ability to detect some interesting differences; logistic regression analysis may therefore be more appropriate for exploring the association between PON1 L55M polymorphisms and BC risk. Compared to wild-type homozygotes, women with LM alleles had a 2.93-fold increased risk of BC, and those who were MM homozygous had a 5.72-fold increased risk of BC. In addition, patients who were M carriers or with M alleles had a 3.09-fold and a 3.00-fold increased risk of BC, respectively. Furthermore, the risk of BC was higher in MM homozygous individuals than in those who were carriers of at least one allele (LM, LM+MM, and M allele). These results are consistent with those obtained by Antognelli et al. in a study of Italian BC patients [22] . However, in that study, the M carrier genotype was much more common in both the BC and control groups than we observed here (BC group: 80.4% vs. 22.2%; control [20, 23] . Two previous meta-analyses [15, 19] also found that M allele frequency is positively correlated with an increased risk of BC. In the subgroup analysis based on menopausal status, there were no healthy individuals with the MM genotype in the premenopausal group; a larger control group sample size is therefore needed to examine the relationship between this genotype, menopausal status, and BC risk. Antognelli et al. [22] found that the 35.7% of premenopausal women in their study who had the MM genotype were at a 3.83-fold higher risk of BC compared to control individuals; however, they did not find any increase in risk for patients with the LM genotype. Those authors also found that the MM frequency among their postmenopausal patients was higher than that observed here (47.5% vs. 1.9%), and the LL and MM genotypes as well as M carrier status were obviously associated with an increased risk of BC in their postmenopausal patients [22] . In our study, the association between MM homozygous genotype and BC risk was relatively weak, but it seems likely that studies with a larger sample size would confirm the existence of this relationship in Chinese women. We did not find and significant associations between PON1 Q192R allele and genotype frequencies and BC risk in either the BC group or the control group, and Naidu et al. [21] and Hussein et al. [20] reported similar results. In contrast, Gallicchio et al. [24] found that PON1 Q192R polymorphisms are associated with a decreased risk of developing invasive BC, and Antognelli et al. [22] reported that the R allele is associated with a decreased risk of developing BC. In subgroup analysis, the latter study found that this relationship between the Q192R R allele and reduced BC risk was observed only in the postmenopausal group [22] , implying that the PON1 R allele does not decrease the risk of BC in premenopausal women. In the present study, we did not detect a relationship between Q192R polymorphisms and risk of BC in either the premenopausal or postmenopausal groups. The differences between our results and those of Gallicchio et al. [24] and Antognelli et al. [22] again highlight the importance of ethnic background when examining the relationship between Q192R polymorphisms and BC risk. Naidu et al. [21] , who also found no association between Q192R polymorphisms and BC risk, suggested that differences in BC patient and control group sample sizes among studies might contribute to discrepant results. However, we believe that ethnic differences are the main reason for this discrepancy. In recent years, meta-analyses [17] [18] [19] have explored the association between PON1 Q192R polymorphisms and the risk of BC. Fang et al. [17] and Wen et al. [19] both found that this polymorphism was not associated with the risk of BC, but Fang et al. [17] did find that the PON1-192R allele was associated with decreased risk of cancer in general in an Asian population. Although Zhang et al. [18] reported that the PON1-192R allele was associated with a decreased risk of BC, one of the studies included in that meta-analysis mistakenly reported genotype frequencies of 17%, 29%, and 6% for the QQ, QR, and RR alleles of PON1 Q192R, respectively, in the control group; the correct values are 6%, 29%, and 17%, respectively [25] . This error might be the primary source of these conflicting results. With this consideration in mind, previous studies and the current results suggest that the PON1-192R allele is not associated with an increase in susceptibility to BC in the Chinese population. Additional epidemiological studies in other regions and ethnic groups are needed to clarify this relationship in different patient populations.
In our examination of whether PON1 L55M or Q192R polymorphism genotype frequencies were associated with clinicopathological parameters in BC patients, we found that the PON1-55M allele was associated with postmenopausal status and lymph node metastases. In the subgroup analysis, the PON1-55M allele was also associated with lymph node status in both the premenopausal and postmenopausal groups. An association between the PON1-55M allele and positive lymph node status was also observed in two previous studies [20, 21] . In addition, Naidu et al. [21] noted that the PON1-55M allele was associated with the absence of ER; we observed a similar trend, but that difference did not reach statistical significance. In contrast, the association between the PON1-55M allele and postmenopausal status observed here has not been previously reported. It is well established that menopausal status is associated with susceptibility to BC; postmenopausal women are more likely to develop BC than premenopausal women. Xu et al. [26] demonstrated that menopausal status is a risk factor for BC in the Chinese population and the M variant may play an important role in facilitating tumor progression. In contrast, no correlation between the R allele genotype and clinicopathological parameters was found in this study or in previous studies.
In summary, this study is the first to explore the association between PON1 L55M and Q192R polymorphisms and the risk of BC in women in Guangxi, China. We found that PON1-55M variant was associated with an increased risk of BC in these patients and may play an important role in tumor progression. In contrast, the PON1-192R allele may not be a suitable marker for BC susceptibility and prognosis in this population. However, the small sample size in this study and the inability to analyze differences among women of different ethnicities in Guangxi province may limit the applicability of these results. Future studies with larger sample sizes and in women of different ethnicities are needed to confirm the utility of PON1 polymorphisms as genetic markers for the risk of developing BC and for tumor prognosis.
MATERIALS AND METHODS
Study population
Patients at the Affiliated Cancer Hospital of Guangxi Medical University and the First Affiliated Hospital of Guangxi University of Chinese Medicine were enrolled in this study between October 2013 and July 2015. Cancer patients with a previous history of BC or other diseases associated with PON1 L55M and/or Q192R polymorphisms were excluded. Modified criteria described by Bloom and Richardson [27] were used to determine grades for BC patients, and the AJCC staging system [28] was used to determine stages. Healthy control patients had no history of any malignancy or other diseases associated with PON1 L55M and/or Q192R polymorphisms. The "advanced" stage of BC was characterized by the presence of axillary lymph node-positive disease or metastatic BC at diagnosis, while the "local" stage was defined by a diagnosis of either in situ or invasive BC. The following demographic information was collected: age, menopausal status, BMI classification, lymph node status, AJCC stage, first-degree family history of BC, pregnancy status,
